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The Motivational Impact of Computers on Student Mathematics 
Achievement 
KeJly A Ferguson 
St. John Fisher College 
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Abstract 
This research project examined the motivation and performance of fifth grade urban 
students using the lesson study model of action research. A literature review discusses 
the relationships found between motivation and achievement, motivation and 
malhi::matics, motivation and teclmology, as well as learning in mathematics and 
mathematics achievement. Interactive web-based activities were observed for student 
engagement and motivation; alterations to the lessons were made according to that 
documentation. Mathematics performance was measured using standardized and teacher-
created tests scores. The use of interactive computer games in mathematics lessons was 
found to have a positive impact on student engagement, motivation and achievement in 
the content areas examined given that student performance on the post-tests increased. 
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The r-..1.otivational Impact of Computers on Student 
Mathematics Achievement 
The predominately African American students in a Rochester City School District 
elementary school have had drastically low scores on the New York State Assessments_ 
Only 6% of the students in one of the current fifth grade classes passed last years, 2005-
2006, mathematics assessment Approximately 18% of the students in the entire 
elementary school passed the mathematics assessment (New York State Department of 
Education, 2006). This type of high stakes testing continues to be a controversial issue in 
American schools today (Martindale, Pearson, Curda & Pilcher, 2005) and teacher 
accountability has increased for students to raise their scores on standardized tests and 
state assessments (Maninger, 2006). 
The expectation of this research is to increase the low tests scores, and increase 
the nwnber of students that pass the New York State Assessment in a particular fifth 
grade class with the use of computers during mathematics instruction. The investigation 
will look at whether computers increase student motivation and therefore mathematics 
achievement and performance. In tum with higher mathematics achievement the hope is 
that more students will pass the state's assessments and that the remaining students will 
in the least increase their scores. 
Throughout this research, involving the lesson study approach, effective lesson 
plans will collaboratively be developed using the Interactivate website by The Shodor 
Education Foundation (http://www.shodor.org/interactivate/). The site offers various 
interactive mathematics activities. The goal is not only to increase the motivation and 
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achievement of the fifth grade students but for the teachers to have a supply of effective 
lesson plans that incorporate computers and the Interactivate website into the 
mathematics classroom. 
Current research has shown that computers have a motivational effect on students 
throughout SES (socioeconomic status) (Caldwell & Ginther, 1996; Judge, 2005), race 
(Corey & Bower, 2005; Judge), learning disability or special education (DuPaul & 
Weyandt, 2006; Swan, Hooft, Kratcoski & Unger, 2005; Leonard, Davis & Sidler, 2005; 
Russell, Bebe)] & Higgins, 2004; Taylor & Adelman, 1999), and gender (Butzin, 2000; 
Caldwell & Ginther; Judge; Maninger, 2006; Martindale, Pearson, Curda & Pilcher, 
2005). As well, motivation has a positive impact on students' achievement across all 
curriculums (Butzin; Caldwell & Ginther; Judge; Maninger; Martindale et al.). This 
starts an optimistic cycle; computers impact motivation, motivation influences 
achievement~ achievement affects motivation, and so on. 
Earlier research supports that the effective use of computers and an interactive 
website, like lnteractivate, in mathematical lesson planning will enhance students' 
motivation to learn. As a resuJt student performance and achievement in mathematics 
will increase and then so will their performance on the future New York State 
Mathematics Assessments (Judge, 2005; Martindale et al., 2005). 
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allowed for the personalization of jnstruction including both developmental and 
motivational differences which is vital (Taylor & Adelman, I 999). Computers were the 
key to increasing engagement and motivation therefore increasing academic achievement. 
Throughout the literature review learning in mathematics and mathematics 
achievement, motivation and engagement, motivation in mathematics, motivation of 
technology, and achievement were discussed. 
Learning in Mathematics and Mathematics Achievement 
Corey and Bower (2005), and Guba and Leonard (2002) concluded that African 
American students have lower academic achievement levels than Caucasian students. 
This achievement problem was most prevalent in male students and especially in the 
subject of mathematics (Corey & Bower). The reason for this may be because the 
atmosphere of a mathematics classroom has shown to be a difficult environment for 
African American males to succeed in (Corey & Bower). Mathematics can be difficult 
for many students but it is more challenging for African American students for any 
nwnber of reasons. 
Mathematics content at times creates cultural and lingual restrictions for some 
students. This boundary was predominantly true for African American students, and 
more so for African American males. Most of the confusion that students face during 
learning was because the mathematical terminology that is used in the classroom is 
difficult for them to understand. More uncerutinty occurs when an insufficient job is 
done in the explanation and definition of mathematical formulas (Corey & Bower, 2005). 
Someone cannot begin to imagine how these students feel, unless they have been in the 
same situation themselves at some point. 
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Often a student's confusion had them feeling left out and left behind, as if they 
have not had the opportunity to learn. With this feeling, students' attitude toward school 
started to change. Eventually the student will lose interest in the class and not even focus 
their attention on learning anymore (Corey & Bower, 2005). Confidence, which t.l-iese 
students obviously lack, predicted their motivation and therefore their mathematics 
achievement (Stevens et al., 2004). With no self-confidence students had a lack of 
motivation and therefore low academic achievement. Technology, including computers 
and interactive websites, had the potential to highly engage these students, to motivate 
them, and increase their performance and academic achievement (Guba & Leonard, 
2002). 
Computers had the ability to extend a student' s mathematical ideas and engage 
them in mathematics and other subjects for extended periods of time (Guha & Leonard, 
2002; Leonard et al., 2005; Steen, Brooks & Lyon, 2006; Swan et al., 2005). Computers 
allowed for a web-supported atmosphere. In lhfa web-supported environment a student's 
comfort level with mathematics content had the opportunity to improve (Corey & Bower, 
2005; Nguyen, Hsieh & Allen, 2006). Technology had the possibility to change a child's 
feelings towards mathematics and learning and even their ability (Butzin, 2000; Guba & 
Leonard; Nguyen et al.). 
Motivation and Engagement 
Motivation is a persons •"wiltingnesst desire, and need to participate in and be 
successful in the learning process" (Deal, 2004, p. 16). This desire can be affected by 
any "number of complex and interconnected factors" (Deal, p. 16). Instruction can effect 
a students desire to learn. Poor instructional outcomes are often caused by insufficient 
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motivation (Taylor & Adelm~ 1999) but motivation can increase with the use of 
instructional strategies and methods that encourage student<> to participate in their own 
learning (Caldwell & Ginther, 1996). When students are involved in the learning process 
and are given choices their motivation ~rill increase. As Taylor and Adelman (1999) 
stated ''People who have the opportunity to make decisions among valued and feasible 
options tend to be committed to follow through" (p. 266). 
Deal (2004) discussed how motivation can be influenced by a student's attitude or 
beliefs. A student's motivation can be affected by their perception of their educational 
experience, by the reason a student feels they should achieve, by their desire to achieve 
for individual improvement and understanding, or by the yearning to demonstrate their 
ability. Motivation can also be effected by a student's need to have a feeling of 
competence, a connection to others, or a sense of autonomy (Deal). Self-efficacy, even 
perceived self-confidence, predicted motivation (Stevens et al., 2004). Whether a student 
succeeds or fails in the learning process can be attributed to their motivation (Deal). 
There are tw'O different types of motivation, intrinsic motivation and extrinsic 
motivation (Deal, 2004). Extrinsic motivation deals with factors that are external to the 
student that affect their motivation (Cook, 2003; Stevens et al., 2004). Some external 
motivators could be rewards such as prizes, certificates, class money, food, contests, or 
free or fun time, and self-esteem boosters, encouragement or praise (Cook). Cook and 
DeaJ agreed that this kind of extrinsjc motivation should be used moderately and wisely. 
On the other hand, intrinsic motivation deals with factors that are internal to the 
student that affect their motivation (Cook, 2003; Stevens et al., 2004). Students "\\rith 
intrinsic motivation have a feeling of independence and competence (Stevens et al.). 
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Some internal motivators could be helping students to develop pride in their 
accomplishments, to have confidence, to have self-satisfaction, to set attainable goals, or 
providing opportunities for student recognition (Cook). Cook, Deal (2004), and Stevens 
et al. all agreed that intrinsic motivation was the preferred type of motivation and was a 
critical goal for all students to accomplish because ultimately teachers want students to 
learn because they find pleasure or fulfillment in it. This view was essential in the 
learning process so that knowledge and information can be mastered and assimilated by 
students (Taylor & Adelman, 1999). 
At the same time, teachers need to avoid practices that reduce motivation and try 
to enhance motivation, especially intrinsic motivation (Taylor & Adelman, 1999). There 
are many strategies that can be used to address a student's motivation. The use of 
extrinsjc motivation or rewards, providing timely feedback, and having clearly defined 
expectations for performance are just a few strategies that helped to increase student 
motivation (Deal, 2004). Increasing the options that students are given related to content, 
process, and outcome was a great place to start when attempting to enhance motivation 
(Taylor & Adelman). Taylor and Adelman stated that decision making processes that 
involve students making choices are essential for the motivation of chi ldren. 
There are many reasons that teachers should make motivation a key issue. Most 
importantly, motivation is an indicator of student performance, therefore poor motivation 
can attribute to poor learning. Teachers should plan lessons to sustain, improve, and 
develop intrinsic motivation so that students participate in effective learning experiences. 
During these positive learning experiences teachers should be helping to focus a students' 
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thoughts, feelings, and decisions to help enhance their motivation (Taylor & Adelman, 
1999). 
Teachers can also do things that diminish a student's motivation. Taylor and 
Adelman (1 999) concluded that options that are over controlling or structures that limit 
choices will negatively affect students. Insufficient resources, excessive rules, and 
restrictions can all have a harmful influence on children' s motivation (Taylor & 
Adelman). It is imperative that teachers try to reduce or eliminate these situations or 
environments. 
Motivation was important when it comes to the academic behavior and 
achievement of students with and without learning disabilities. A student's academic 
achievement was influenced when interventions involving motivation are used (Sideridis 
& Scanlon, 2006). Motivation had a significant effect on the academic performance of 
special education students (Sideridis & Scanlon; Taylor & Adelman, 1999) and regular 
education students (Stevens et al., 2004). Although, a lack of or insufficient motivation 
was more prevalent in students with learning disabilities than those without learning 
disabilities (Taylor & Adelman). It is important for teachers to recognize this and try to 
encourage motivation in these students. The satisfactory functioning of students with 
learning disabilities at school relied heavily on emotional and social support from 
teachers and parents, along with the promotion of motivation (Sideridis & Scanlon). 
When academic interventions are used they are increasingly effective when 
motivation was a significant element (Sideridis & Scanlon, 2006) although teachers often 
do not place the same emphasis on motivation as they do, for example, readiness (Taylor 
& Adelman, 1999). Motivation is only one aspect of the demanding and complicated 
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world of teaching and learning but it is the responsibility of both the student and the 
teacher to make sure that motivation occurs (Deal, 2004 ). Students that are already 
motivated still benefit from maintaining and enhancing their motivation (Taylor & 
Adelman). 
Students, including special education students, seemed to be more motivated and 
interested in learning with the use of a computer (Leonard et al., 2005; Russell et al., 
2004; Swan et al., 2005). Computers also had a way of putting special education students 
on the same level as non-special education students (RusseJI et al.; Swan et al.). The 
overall goal of most teachers was to assist each individual student to learn effectively, 
efficiently, and with minimal negative consequences (Taylor & Adelman, I 999). 
Motivation was a strong indjcation of the level of student engagement (Sideridis 
& ScanJo~ 2006) and was a focus of concern for educators (Taylor & Adelman, 1999). 
Lutz, Guthrie and Davis (2006) stated that a student's engagement while learning is a 
significant predictor of their motivation and their academic achievement. Engagement in 
learning which resulted in motivation and achievement created positive results including 
good grades and excellent standardized test scores (Lutz et al.). 
The highest achieving students were in classrooms where teachers ask their 
students high-level questions and ask them to frequently respond to their reading. These 
complex tasks fostered the engagement and motivation of students. Teachers that put an 
emphasis on understanding and learning, active participation, have hlgh expectations, and 
created authentic learning activities promoted the engagement and motivation of their 
students (Lutz et al., 2006). 
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Motivation in Mathematics 
Guha and Leonard (2002) reminded us that a continuing goal of mathematics 
teachers is to establish and maintain a classroom where students are engaged and 
motivated to learn mathematics. Mathematics is important for students' future education; 
therefore it is important for teachers to motivate students to learn mathematics content 
(Guba & Leonard). 
Confidence predicted motivation and therefore mathematics achievement 
(Stevens et al., 2004). Stevens et al. , reported that mathematics self-efficacy is 
responsible for 15% of students' motivation. Many factors contributed to the other 85% 
of students' motivation. Personal beliefs, self-esteem, belief in the importance of 
education, and attitude, also affected motivation which then predicted mathematics 
performance. Students' motivation played an important role in their mathematics 
achievement. Stevens et al. pointed out that the motivational orientation of a student 
seems to be predicted by their self-efficacy and is important to the student's motivation 
and therefore mathematics achievement. 
Simpkins, Davis-Kean and Eccles (2006) stated that students' participation in a 
structured but informal learning experience will have a positive impact on their beliefs 
and cognitive ability in all subject areas. Specifically, mathematics achievement was 
positively correlated with students' values and self-concepts. Students who felt they 
were proficient or who had an interest in a subject area were more likely to make an 
effort in the learning of that subject. 
The feedback that students received had an influence on what they believe and 
what they chose (Simpkins et al., 2006). Accordingly, students who received positive 
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feedback in mathematics had higher ability self-concepts, values, and made better 
choices. As a result, when student'i did well in mathematics they were more likely to 
partake in additional activities and future courses in mathematics (Simpkins et al.) which 
helped them to succeed in the future. A proficiency in the use of technology also helped 
students to be prepared for their future and for the work place (Guha & Leonard, 2002). 
Children ~who grew up in low SES (socioeconomic status) families were apt to get 
less exposure to mathematics because the family's effort is devoted to the child's basic 
needs (Simpkins et al., 2006). These students were less likely to pursue mathematics 
because less emphasis was placed on education (Simpkins et al.). Technology provided 
an opportunity to highly engage these low achieving students in learning mathematics. 
Computers offered tutoring and cues that guided students and engaged them in their 
learning (Guha & Leonard, 2002). 
Stevens, Olivarez, Lan and Tallent-Runnels (2004) reported that confidence was 
imperative while learning because it determined students' mathematics performance and 
motivation, and then affected students' overall mathematics achievement. Self-efficacy 
also changed a student's motivation; students with more confidence had higher levels of 
intrinsic motivation. 
Computers had the ability to help students to extend mathematical ideas and 
engage them in mathematics learning for extended periods of time. Technology may 
even be able to change a student's feelings toward and ability in malhemalics (Guba & 
Leonard, 2002). Learning with the use of computers created an effective learning 
environment for all students. 
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Learning with Technology 
When technology, including computers, software, and the internet, was used 
appropriately it greatly contributed to an effective learning atmosphere for students 
(Martindale et al., 2005). The growing appearance of technology in schools and in the 
classroom produced various opportunities to combine process and content together to 
personalize and differentiate activities (Maninger, 2006; Martindale et al.; Steen et al., 
2006; Taylor & Adelman, 1999). This is important to many teachers today because it 
gives them the opportunity to reach all students. 
Corey and Bower (2005), and Ngu)'en et al., (2006) agreed that the assistance 
offered in a web-based atmosphere was more accessible, Jess intimidating, easier to 
understand, and allowed students to move at their own pace. This environment made 
students feel more comfortable and their learning began to improve (Corey & B ower). lo 
a web-supported environment a student's comfort level with mathematics content was 
improved (Corey & Bower; Nguyen et al.). Students even had a change in their outlook 
after participating in a web-based learning experience and they may even feel that their 
learning has been enhanced (Butzin, 2000; Corey & Bower). 
Computer-based learning systems had the ability to improve student learning, 
time on task, and provided inclividualized instruction (Butzin, 2000; Guba & Leonard, 
2002; Leonard et al., 2005; Steen et al., 2006). Many computer programs were designed 
to grab students' interest and improve their learning at the samt:: lirnt! (Guba & Leonard; 
Leonard et al.). Children feel comfortable using computers because they allowed 
students to work at their O\vn pace and build their confidence as they move through the 
levels of the computer program (Butzin; Guba & Leonard). This helped teachers to 
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differentiate their instruction. The students were rewarded wben they got tbe right 
answer and were given an expJanation when their answer is incorrect while using 
computers. This fairly discrete process allowed for students to avoid any embarrassment 
in front of their peers (Gu.ha & Leonard). Computer programs offered more instruction 
and examples, were more interesting, and made the problems easier to read than in 
traditionaJ learning environments which then improved student learning and time on-task 
(Nguyen et a l., 2006). 
Computers had the ability to extend mathematicaJ ideas and engage students in 
mathematics and other subjects for extended periods of time (Guba & Leonard, 2002; 
Leonard et al., 2005; Steen et al., 2006; Swan et al., 2005). Corey and Bower (2005), and 
Nguyen et al., (2006) agreed that in a web-supported environment a student's comfort 
level with content is improved. Technology may even be able to change a child,s 
feelings towards different subjects, their lean1ing, a.'1d possibly their ability (Butzin, 
2000; Guha & Leonard; Nguyen et al.). 
Students, including special education students, seem to be more motivated and 
interested in learning v.ith the use of a computer (Leonard et al., 2005; Russell et al., 
2004; Swan et al., 2005). Computers had a way of putting special education students on 
the same level as non-special education students (Russell et al.; Swan et al.). Computers 
had a positive influence all around. 
Many schools created a 1 : 1 student to computer atmosphere by sharing a cart of 
laptops among any number of classrooms (Russell et al., 2004). Russell et al. and 
Maninger (2006) both discussed several positive outcomes from the 1: 1 use of laptops in 
the classroom. Enhanced student engagement, decreased behavioral problems, and a 
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move toward a more student-centered classroom were many of the positive results of 1 : 1 
computer use in the classroom. Improved achievement and an increase in standardized 
test scores were also encouraging results (Butzin, 2000; Mallinger; Martjndale et al., 
2005; Russell et al.). 
Computers also had the capability of supporting higher order thinking skills and 
teaching problem-solving skills (Martindale et al. , 2005; Underwood, Hoadley, Lee, 
Hol1ebrands, DiGiano & Renninger, 2005). Students learn independently, 
collaboratively, and cooperatively with the use of computers which is a goal many 
teachers hope to attain (Russell et al., 2004). 
Teachers also benefited from the use of computers and technology. They were 
better able to individualize instruction when they have complete access to the appropriate 
technology (Butzin, 2000; Maninger, 2006; Martindale et al., 2005; Russell et al., 2004; 
Steen et al., 2006; Taylor & Adelman, 1999). Technology gave teachers a simple method 
in which to differentiate instruction to an individual student' s learning needs (Maninger; 
Martindale et al.; Russell et al.; Steen et al.; Taylor & Adelman). Teachers were 
effortlessly able to integrate lessons and provide hands-on activities that enhanced their 
learning objectives with the use of computers (Butzin). 
Sanchis (2001) reported that computers can be used as an assessment tool, both a 
summative assessment and formative assessment tool. Online assessments saved time, 
can be administered more frequently, provided teachers with an idea of how the whole 
class was doing quickly so that concepts could be revisited, and allowed for simple data 
collection (Sanchis ). These types of assessments encouraged students to keep up with 
content and presented student's with immediate feedback (Butzin, 2000; Jih, 2001; 
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Leonard et al., 2005; Martindale et al., 2005; Nguyen et al., 2006; Sanchis; Steen et al., 
2006). Immediate feedback provided teachers with important information about students 
and allowed them to give students timely response (Sanchis). Computer-based 
assessment gave students needed feedback which helped them to study effectively 
(Sanchis; Jih). 
Computers also enhanced student efficiency and improved their quality of work 
which are excellent work skills to have (Swan et al., 2005). The use of technology 
helped students to be prepared for the work place; employees need to be literate across 
different technologies (Guha & Leonard, 2002; Judge, 2005; Marunger, 2006). The 
majority of students agreed; they believed that it was important for their future that they 
learn how to use computers and technology properly (Nguyen et al., 2006). 
The bottom line was that students had fun and were excited about learning while 
using computers (Leonard et al., 2005; Maninger, 2006; Nguyen et al., 2006; Russell et 
al., 2004; San.chis, 2001). Students challenged themselves more with the use of 
computers (Maninger; Steen et al., 2006). Computers helped teachers to increase 
instructional t ime, time on-task, feedback, and student motivation (Butzin, 2000; 
Martindale et al., 2005; Steen et al.). 
Motivation of Technology 
Children enjoyed using computers and remained extremely involved and 
interested while using them (Bergin, Ford & Hess, 1993; Nguyen et aJ., 2006). Many 
researchers agreed that technology has a way of motivating and engaging students 
(Bergin et al.; Butzin, 2000; Howland, Laffey & Espinosa, 1997; Jih, 2001; Leonard et 
al., 2005; Maninger, 2006; Martindale et al., 2005; Russell et al., 2004; Swan et al., 2005; 
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Unden~ood et al., 2005). Students remained on-task while using computers and 
remained working diligently throughout the assignment (Bergin et aL); this incJudes 
students >vvith ADHD (Attention Deficit Hyperactivity Disorder) and other learning 
disabilities that are usually easily distracted (DuPaul & Weyandt, 2006; Leonard et al.; 
Russell et al.; Swan et al.). 
Computers had the ability to increase the learning of students across all 
curriculum areas (Leonard et al., 2005; Maninger, 2006; Nguyen et al., 2006; Russell et 
al., 2004; Swan et al., 2005). They also enhanced student efficiency and improved their 
quality of work (Swan et al.). Computers had the ability to engage students in 
mathematics and other subjects for extended periods of time (Guha & Leonard, 2002; 
Maninger; Jih, 2001; Nguyen et al.) . Technology may even be able to change a student's 
feelings towards mathematics or school in general and possibly their ability or 
achievement (Butzin, 2000; Guha & Leonard). 
Computers were intrinsically motivating because the use of graphics, sounds, and 
color increased students' interests in the technology (Guha & Leonard, 2002; Leonard et 
al., 2005; Nguyen et al., 2006). Howland et al. (1997) concluded that the elements of 
fantasy, challenge, curiosity, creativity, manipulation, and ownership within the use of 
technology were all factors that engaged children. A student's engagement while 
learning was a significant predictor of their motivation and academic achievement (Lutz 
et al., 2006). 
Increased student engagement, decreased behavioral problems, a move toward a 
more student-centered classroom, and an increase in standardized test scores or state 
assessment scores all come from the use of computers in t he classroom (Butzin, 2000; 
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Maninger, 2006; Martindale et al., 2005; Russell et al., 2004). Computers increase 
students ' time on-task and their motivation (Bergin et al., 1993; Butzin; Martindale et al.; 
Steen et al., 2006). 
Achievement 
African American children, on average, started school with low levels of 
readiness (Judge~ 2005). The SES (socioeconomic status) of a student predicted their 
academic achievement; therefore a student with a low SES will have inadequate 
achievement (Caldwell & Ginther, 1996). A student's poor academic achievement early 
on in life predicted luw achievement later in life, especia lly for African American 
children (Judge). 
Quite often, African American students had lower academic achievement levels 
than Caucasian students (Corey & Bower, 2005; Guba & Leonard, 2002). This lack of 
achievement was most prevalent in male students and especially in the subject of 
mathematics. This may be in part because the atmosphere of a mathematics classroom 
has shown to be a difficult one for African American males to succeed in (Corey & 
Bower). 
Mathematics content creates boundaries for some students, primarily for African 
American students and predominately African American males. The confusion that these 
students face was that the mathematical terminology which was used in the classroom 
was difficult to grasp. Even more uncertainty emerged when the explanation and 
de finition of mathematical formulas was not clear (Corey & Bower, 2005). 
Corey and Bower (2005) stated that situations like these in classrooms had 
students feeling alone, lost, and as if they have not had the opportunity to learn. 
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Eventually the student lost interest and did not focus their attention on learning (Corey & 
Bower). Confidence, which was lacking in some students, predicted a student's 
motivation and therefore their mathematics achievement (Stevens et al., 2004). 
Computers and interactive websites had the capability to highly engage low achieving 
students, to motivate them, and increase their performance and academic achievement 
(Guha & Leonard, 2002). 
Classrooms with the highest achieving students were lead by teachers who asked 
their students high-level questions and asked them to respond frequently to their reading. 
These complex tasks foster the engagement, motivation, and achievement of students. 
An emphasis on Wlderstanding and learning, active participation, high expectations, and 
authenticity of activities all also promoted students academic achievement (Lutz et al., 
2006). 
Access to computers was positively associated ·with motivation and then 
motivation was positively related to academic achievement (Butzin, 2000; Caldwell & 
Ginther, l 996; Judge, 2005; Maninger, 2006; Martindale et al., 2005) but the most 
significantly correlated relationship of motivation and achievement was child to computer 
ratio (Judge; Maninger). While, Judge concluded that the majority of students (86%) that 
are high perfonners in mathematics had computers in their classrooms. Martindale et al. 
and Butzin agreed that computers were responsible for significantly higher mathematics 
scores and student achievement. 
There were many factors that influenced a student's motivation and academic 
achievement. Stevens et al. (2004) concluded that self-efficacy predicted motivation and 
therefore achievement. While, Howland et aJ. (1997) reported that a student's SES and 
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motivation were important predictors of their academic achievement. A student' s 
engagement while learning was one of the most significant predictors of their motivation 
and then their academic achievement (Lutz et al., 2006). Strategies that encouraged 
motivation, most significantly computers, in turn increased students' academic 
achievement (Howland et al.). Not only literacy but also computer access has been 
deemed vital for all students to succeed in life and school (Judge, 2005). 
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Methodology 
This research used lesson study to observe the motivational impact of computer 
use on the performance of elementary aged children. As part of usual classroom 
activities, this research was expected to improve the effectiveness of lessons by 
incorporating computers into classroom instruction for the benefit of student 
performance. Lessons that involved interactive computer programs and websites were 
incorporated into the regular curriculum. The researchers then used the lesson study 
model to observe the effectiveness of the lesson. Lesson study involves collaboration and 
observations among the teachers to improve classroom learning. 
Participants and Setting 
Nineteen fifth and sixth grade students from an inner city classroom participated 
in this study. Gender demographics consisted of thirteen girls and six boys, 95% African 
American decent and 5% Caucasian. All students were registered to the researcher's fifth 
grade classroom. From the total population of participants, fourteen students were 
general education students, two students had a 504 plan written, and three students had an 
Individualized Educational Plan (IEP) on file. 
Entering the classroom, observers would notice that the room had a student 
friendly configuration which included many areas v.'ith an obvious purpose. There were 
areas for small and large group lessons, comfortable reading and multimedia access, a 
teacher work center, and classroom library. Posters and charts were prominently 
displayed for student access, as well as student work posted throughout. 
The computer lab contained twenty-five, internet connected desktop computers. 
The computers were arranged in a semi-circle facing the outside walls of the classroom 
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allowing the teacher to view the monitor screens from any point in the room. All chairs 
had tennis-balls attached to the bottoms of each leg to reduce noise during movement. 
Materials 
The teacher work center was equipped -with a desktop computer which utilized the 
internet and a LCD projector for demonstrations. During the observed lessons in the 
regular classroom, students accessed the internet using wireless Dell laptop computers 
which were part of a mobile laptop cart. This created a 2: 1 student to computer ratio. 
During observed lessons in the computer lab students accessed the internet using Dell 
desktop computers at a 1: I ratio. 
The interactive website Project Interactivate sponsored by SHODOR Education 
Foundation, Incorporated was used for all web-based activities. Students printed their 
work on the laser printer supplies wjth the wireless laptop cart. No printer was used in 
the computer lab. Students were provided with an activity created my researchers to 
record their results of the activity. 
A journal using lesson study observation protocol (Appendix A) of observed time 
on task, of the class as a whole, and qualitative observations was used as a gauge of 
motivation. Student performance was measured before and after the research period by 
using the Rochester City School District (RCSD) foundational and mid-year mathematics 
examination questions relating to the research content. A short timed multiplication facts 
quiz (Appendix G) was also used before and after research for multiplication fluency 
achievement. The researchers were the only people with access to the data. It was stored 
in a locked file cabinet and destroyed after the completion of the project. Given that 
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performance and motivation of the class as a whole were considered, no individual 
students were identified in the study. 
Procedure 
Student needs in Mathematics were identified using a foundational assessment 
and mid-year assessment administered by the city school district. These needs were used 
to identify skills and concepts which were addressed during the interactive web-based 
lessons which were written collaboratively between the researchers. These lessons were 
observed, collaboratively reflected upon and revised using the lesson study approach. 
The main skill or concept that needed to be taught was introduced to the students 
in a mini-lesson format to engage their thinking. Students then used the computer to 
explore the concept in more depth with the use of the interactive website. A rubric was 
used to evaluate student understanding based on students' written explanation of their 
experience and process using the web-based activity. 
At first the class was divided in two groups. A technology paraprofessional 
conducted separate, unrelated activities with half the class while the research teacher 
administered the interactive mathematics lessons with the other students. Later it was 
decided that a whole group setting would be more conducive to the learning environment. 
A research observer took notes and made observations during the lesson. The 
focus of the observations was to note on-task behavior as a measure of student 
motivation. A journal of observed time on task of the class as a whole will be used as a 
gauge of motivation. The general effectiveness of the lesson was also noted during these 
observations which included lesson fluency and student content understanding. 
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These observations, which focused on motivation, on-task behavior, lesson 
effectiveness, and rubric scores, were the basis of discussion during collaborative 
reflections. Lesson effectiveness was discussed and areas of the lesson and activity that 
needed attention were revised. The revised lesson was then taught to the half of the class 
that did not participate in the first lesson. When the change to whole group lessons 
occurred, the lesson was re-taught to the whole group a second time to address the 
alterations. Observations focused on motivation, on-task behavior and effectiveness were 
again noted and used for subsequent revisions and collaboration. This process continued 
and repeated using other lessons and mathematics content for six weeks. 
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Results 
Student performance was measured before and after the research period by using 
the RCSD (Rochester City School District) foundational and mid-year mathematics 
examination questions relating to the research content. A short timed multiplication facts 
quiz was also used before and after research fo r multiplication fluency achievement 
(Appendix G). A journal of observed time on task of the class as whole and qualjtative 
observations was used as a gauge of motivation. 
Quantitative Results 
Overall performance on the RCSD foundational exam increased from 38.1 % pre-
test passing to 59.52% passing on the post-test. Performance on exam questions relating 
to multiplication increased from 38.33% passing to 59.17% passing posMest. Geometry 
exam questions rose from 25% to 66.67% passing post-test. As well, questions relating 
to fractions increases from 50% competency to 54.17% competency post-test. These 
results are documented in Tables l and 2. 
Results from the mid-year RCSD exam also increased from an overall score of 
26.39% competency pre-test to 55.36% competency post-test. Individual questions 
relating to multjplication rose from 9.38% correct pre-test to 2 1.43% correct. Questions 
pertaining to geometry increased from 78.13% to 89.29% correct post-test Exam 
questions relating to fractions rose from 23.75% correct to 50.71% post-test. As well, 
questions pertaining to coordinate pairs increased from 31.25% to 78.57% correct post-
test. These results are documented in Tables 3 and 4. 
Table 1 
Foundational Assessment Data 
Q 1-m 
0 
2 
0 
2 
2 
0 
2 
2 
0 
2 
0 
2 
14 
24 
03-m 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
2 
24 
010-m 
2 
2 
0 
2 
0 
0 
0 
2 
0 
2 
0 
0 
10 
24 
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012-m 
0 
0 
0 
0 
0 
2 
2 
2 
2 
0 
0 
2 
10 
24 
014-m 
0 
0 
0 
2 
2 
0 
2 
0 
2 
2 
0 
0 
10 
24 
04-g 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
2 
2 
6 
24 
Q 18-f 
1 
0 
2 
2 
2 
0 
2 
0 
2 
0 
0 
1 
12 
24 
totals full credit 
3 14 
4 14 
2 14 
8 14 
6 14 
2 14 
8 14 
8 14 
6 14 
6 14 
4 14 
7 14 
totals 
full credit 
percent 58.33 8.33 41 .67 41.67 41.67 25.00 50.00 
multiplication average 38.33 
geometry average 25 
32 
percent 
21.43 
28.57 
14.29 
57.14 
42.86 
14.29 
57.14 
57.14 
42.86 
42.86 
28.57 
50.00 
38.10 
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Table 2 
Post Foundational Assessment Data 
Q 1-m 03-m 010-m 012-m 014-m 04-g Q 18-f totals full credit percent 
2 2 0 2 2 2 0 10 14 71_43 
2 2 2 2 2 2 2 14 14 100.00 
2 0 0 1 0 2 2 7 14 50.00 
2 0 0 2 0 2 0 6 14 42.86 
0 0 2 2 0 0 1 5 14 35.71 
0 0 2 2 0 0 2 6 14 42.86 
2 0 0 1 2 2 2 9 14 64.29 
0 2 2 1 0 0 2 7 14 50.00 
0 0 2 0 2 0 0 4 14 28.57 
2 0 2 2 2 2 0 10 14 71.43 
2 0 2 2 2 2 2 12 14 85.71 
2 2 0 2 2 2 0 10 14 71.43 
totals 16 8 14 19 14 16 13 
full credit 24 24 24 24 24 24 24 59.52 
percent 66.67 33.33 58.33 79.17 58.33 66.67 54.17 
multiplication average 59.17 
geo average 66.67 
Table 3 
Mid-Year Assessment Data 
Q 16-m 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
totals 
Q 17-g 
2 
2 
2 
0 
2 
2 
1 
2 
2 
2 
0 
0 
2 
0 
2 
0 
2 
2 
25 
32 
Q 1-f 
2 
0 
0 
0 
0 
2 
0 
0 
0 
2 
2 
0 
0 
0 
0 
0 
0 
0 
8 
32 
Q 3-f 
0 
0 
0 
0 
0 
2 
0 
2 
0 
0 
0 
0 
2 
0 
0 
2 
2 
0 
10 
32 
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Q 6-f 
2 
2 
0 
2 
0 
2 
2 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
12 
32 
Q 10-f 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
2 
0 
6 
32 
Q 13-f 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
2 
32 
a 19-c 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
2 
2 
2 
0 
2 
0 
10 
32 
totals full credit 
6 16 
6 16 
2 16 
2 16 
3 16 
9 16 
3 16 
4 16 
2 16 
4 16 
2 16 
4 16 
6 16 
2 16 
4 16 
4 16 
10 16 
3 16 
full credit 
percent 
3 
32 
9 .38 78.13 25.00 31 .25 37.50 18.75 6.25 31.25 
fraction average 23.75 
34 
percent 
37.5 
37.5 
12.5 
12.5 
18.75 
56.25 
18.75 
25 
12.5 
25 
12.5 
25 
37.5 
12.5 
25 
25 
62.5 
18.75 
26.39 
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Table 4 
Post Mid-Year Assessment Data 
a 16-m a 11-g a 1-f Q 3-f 06-f Q 10-f a 13-t Q 19-c totals full credit percent 
0 2 2 2 0 2 0 0 8 16 50 
2 2 2 2 1 2 0 2 13 16 81.25 
2 2 2 2 0 2 0 1 11 16 68.75 
0 2 2 2 2 0 2 2 12 16 75 
0 2 0 0 2 0 0 2 6 16 37.5 
0 2 2 0 0 0 0 2 6 16 37.5 
0 2 0 0 2 2 0 1 7 16 43.75 
0 0 0 2 2 0 2 2 8 16 50 
0 2 0 2 2 2 2 2 12 16 75 
0 1 0 0 0 0 3 16 18.75 
0 2 2 2 2 2 0 2 12 16 75 
0 2 0 0 1 0 2 1 6 16 37.5 
2 2 0 2 0 0 2 2 10 16 62.5 
0 2 0 2 2 2 0 2 10 16 62.5 
totals 6 25 12 18 16 15 10 22 55.36 
full credit 28 28 28 28 28 28 28 28 
percent 21.43 89.29 42.86 64.29 57.14 53.57 35.71 78.57 
fraction average 50.71 
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Performance on the multiplication fluency timed test increased from 69.61 % of 
problems completed pre-test to 80.89% completion post-test. Accuracy of the completed 
questions rose from 94.89% correct to 97 .1 1 % correct post-test. These results are 
documented in Table 5. 
Qualitative Results 
A journal of observed time on task of the class as whole and qualitative 
observations was used as a gauge of motivation. Observations were recorded at each 
round of lesson study trials in each content area using the lesson study observation 
protocol (Appendix A). Overall motivation and on-task behavior increased after each 
round of adjustments made to the lesson. 
Students started the sessions being talkative, distracted and needing much support 
from teachers. In a whole group lesson, this behavior was noted more often than when 
computers were present. As sessions continued and technology troubles diminished, 
students became engaged, excited and even sparked :friendly competition among each 
other. By the end of the study, students were collaborating and cooperating, offering 
assistance and encouragement to others on a regular basis. Start-up time decreased 
significantly, not only due to less technology problems, but a familiarity of the website, 
games and login process. 
Geometry Lesson 
The geometry activity's objective was that students will be able to compare and 
contrast four shapes, colors, and sizes using an interactive Venn diagram (Appendix B). 
Students were mostly engaged during the first round of the lesson. Peer encouragement 
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Table 5 
Multiplication Fluency Quiz Data 
Pre-test Post-test 
%done % correct %done % correct 
64 94 80 99 
100 97 94 100 
74 100 100 100 
100 100 100 100 
95 96 98 99 
89 100 98 99 
74 100 96 100 
49 88 50 98 
81 98 85 90 
49 96 65 100 
38 100 50 96 
55 98 78 100 
38 91 48 100 
44 68 55 91 
50 90 69 91 
100 98 100 99 
53 94 90 86 
100 100 100 100 
totals 69.61 94.89 80.89 97.11 
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was also noted. There were problems with technology, in that loading time was 
extended, the website was not readily accessible and some computers restarted which 
lead to the off-task behavior that was observed. It was noted that the lesson needed to be 
differentiated for some students based on their readiness. This was taken into 
consideration for the second round of the lesson. 
For the second round of the geometry lesson a few alterations were made to the 
lesson. A mini-lesson presented by the teacher to the students regarding how to use a 
Venn diagram. The teacher demonstrated one example of how to complete the activity 
with the class to clarify confusions seen during the first round of the lesson. Access to 
the website was more readily available by posting a link on the classroom webpage. 
Students were also required to explain in a sentence how they completed the activity. 
During the second round of the geometry lesson some of the same trends were 
noted as the first round. Students were again distracted and off-task when the computers 
were not present. Once computers were introduced, students were on-tas~ engaged, and 
fully interested in the activity at hand. Much peer collaboration and cooperation was 
observed, as well as some friendly competition and peer encouragement. Numerous and 
multiple successes were noted as some students completed the activity several times in 
the allotted time frame. 
Coordinate Pairs Lesson 
The coordinate pairs activity objectives were that students will plot points on a 
grid to navigate around obstacles and write the coordinates of each plotted point as a 
coordinate pair (Appendix C). A mini-lesson demonstrating how to complete the activity 
was presented by the teacher before the activity was initiated. When students were in the 
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presence of the computers. they were all on task and fully engaged. Student cooperation 
and peer discussion about the activity were observed. There was peer assistance and 
encouragement noted as well as friendly competition with numerous and multiple 
successes. 
Observations during the activity noted that many students were not documenting 
their progress. Therefore, the worksheet provided was altered to make it more child-
friendly and the students were reminded throughout the second round of the lesson to 
write down their progress. It was aJso noted that some pairs of students were having 
greater difficultly with the content of the activity than others. Therefore, the activity was 
djfferentiated for those specific pairs of students during the second round allowing them 
to use only one quadrant of coordinates instead of four. 
Students were mostly off-task during the mini-lesson as well as during the ten 
minute wait for the technology to be working properly. Once the computers and website 
activity were in progress. all students were on-task with full engagement. There were 
numerous peer discussions regarding the activity. Student cooperation and peer 
assistance was observed as well as friendly competition and encouragement. There were 
numerous and multiple successes in the allotted time frame. The students continued to 
discuss the interactive computer game after the activity was completed. 
Multiplication Fluency Lesson 
The multiplication fluency lesson objectives were that students will complete 
timed multiplication problems and complete at least four interactive games with a partner 
(Appendix D). Students were mostly off-task during the mini-lesson conducted by the 
teacher to explain the process of the interactive game. When the activity was in session, 
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students encountered problems with pop-up windows and scoreboard re-setting. Students 
did not consistently record their scores on the worksheet provided by the teacher. It was 
observed that students were mostly engaged and having fun during the activity. There 
was much peer encouragement and cooperation as well as some friendly competition 
among groups. 
As the activity progressed, it was observed that some student pairs needed the 
lesson to be differentiated due to their readiness. Therefore, the time limit was extended 
for those students for future rounds of this activity. Two groups needed the difficulty 
level to be extended since their achievement exceeded the expectations of the lesson. 
The time limit for these groups was also extended due to the extensive nature of the 
multiplication problems at higher difficulty levels. The website activity itself was altered 
during the study, therefore, the worksheet needed to be changed to match the wording 
used on the website. 
In subsequent rounds of this lesson there were much less technology problems 
than in the first round of the study. The computer lab was used exclusively to alleviate 
these technology problems. Students were observed to be loud and talkative, but engaged 
in the lesson and talking about the activity. Peer encouragement and cooperation was 
evident in all subsequent rounds of this lesson. Students were engaged in friendly 
competition among the groups. Differentiating the lesson for readiness showed more 
engagement by those groups and allowed the students to have fun and laugh with the 
other groups without exposing the difference in the activity. 
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Equivalent Fraction Lesson 
The student objectives for the equivalent fraction lesson were that students would 
find equivalent fractions using an interactive computer activity and complete at least 
eight games successfully (Appendix E). Due to unexpected school closings caused by 
weather and cold temperatures and a field trip for some, not all of the students completed 
all rounds of the fraction activity. The results of the fraction lesson study are included 
since the progress of the class as a whole, not individual students, was considered for this 
research. Since the students had completed several different activities using the same 
website and were familiar with its overall use, the teacher conducted a brief 
demonstration for this particular activity. When in the presence of the computers, 
students were fully engaged and interested in the interactive activity. Although, many 
students looked for reassurance from the teacher that they were correctly completing the 
activity. 
Some students needed redirection to stay within the parameters of the lesson. 
Therefore, in the second round of the lesson students were specifically asked to use the 
square shape for the fraction model. Students that showed competency with the square 
model were allowed to move on to the more difficult circle shape offered by the site. 
Many student completions were observed, although only two students were able to 
complete eight examples in the allotted time frame. Most of the students who could not 
complete the expected eight completions were those that were not present during the first 
round. Many of the students whom experienced the activity prior were observed helping 
and tutoring their peers. 
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Discussion & Conclusion 
Research has shown that the use of computers in the classroom has the ability to 
engage and motivate students to learn and. Those students will then show an increase in 
academic achievement; the current research supports this belief as well as numerous 
previous research studies. 
Previous research has stated that a student's engagement while learning was one 
of the most significant predictors of their motivation and then their academic 
achievement (Lutz et al., 2006). Most significantly computers encouraged student 
motivation. and in tum increased students' academic achievement (Howland et al.). 
Access to computers was positively associated with motivation and then motivation was 
positively related to academic achievement in numerous research studies (Butzin, 2000; 
Caldwell & Ginther, 1996; Judge, 2005; Maninger, 2006; Martindale et al., 2005). 
Reflections on Lesson Study Alterations 
The lesson study model proved to be a very beneficial one not only for the 
researchers but the students who were participating in the activities. The researchers 
were given the chance to improve lessons and make them more effective for the teacher 
and the learners. lt was quite satisfying knowing that the lesson was being improved and 
tha! the students' learning may increase because of the changes. Overall, Jesson study 
resulted in more successful learning and efficient teaching. 
Many of the alterations that were made were not difficult or time consuming for 
the researchers to complete for the revised lesson. Minor alterations were often made to 
the chart that was provided for the students, by the researchers. These changes were 
made to make the chart more user-friendly or in one case because the website changed 
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their wording. Occasionally the lessons were modified slightly to meet students' needs, 
to clarify content, or directions. 
As the lesson study method continued the researchers seemed to be more efficient 
and effective earlier in each of the lesson studies. The process resulted in four exceJlent 
lessons that could be used in the future or by other teachers. It was a rewarding 
progression because it showed what could be done when a little more effort, time, and 
collaboration were put into lesson planning. Overall, the lesson study process was 
valuable to everyone involved; it has a strong potential to benefit all teachers that utilize 
the method. 
Trends Observed 
Many trends were noticed throughout the research process. It seemed to be a 
common trend lhat the students \Vere engaged, motivated, and ready to learn with the use 
of computers, throughout the entire lesson study. 
It was noted that when the students were observed but bad no computers they 
exhibited many off-task behaviors. The students were often talking, writing, or not 
paying attention when the computers were not present. There was a constant lack of 
respect, disruption, and overall inattention. As soon as the computers were present the 
students' attitude and demeanor changed dramatically. 
While the students manipulated the computers they were fully engaged in the 
task, rarely exhibiting any off-task behaviors. The only off-task behaviors that were 
observed were when the students would have trouble with the technology; whether it was 
the computer itself or the website. The majority of the time, while the students were 
working they were having fun, a bit noisy, and laughing but were still fully engaged in 
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the assigned task. This trend of computers engaging and motivating students is consistent 
with previous research (Butzin, 2000; Caldwell & Ginther, 1996; Judge, 2005; Maninger, 
2006; Martindale et al., 2005). 
One of the most inspiring trends was how the students adapted and began to really 
know the SHODOR site. The students, as time passed, often knew where to go and what 
to do without being told or asking someone a question. They began to be independent 
while working with the site. If a problem arose the students could often resolve it 
themselves. 
The students seemed to know what to expect and what was expected of them, and 
they were happy about completing the task at hand. It was also noted that as time went 
on the students seemed to be more engaged and excited about what they were going to 
accomplish during the activity. They were interested in what activity they were going to 
complete and often did not want to stop working when the prearranged time was up. 
Some students enjoyed the site so much that they were irritated when the allotted time 
was over. Many students were observed to have numerous and multiple successes 
throughout the lesson study. 
Another inspiring trend was the way that the students interacted with each other. 
Numerous times throughout the lesson study rounds it was observed that the students 
were involved in peer cooperation, encouragement, and assistance. It was also observed 
many times throughout a round that the students were involved in friendly competition 
among groups or individuals. It was surprising to observe the students working together 
so pleasantly. This was an unexpected trend that was not discussed in any of the previous 
research. 
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Impact on Motivation 
The computers seemed to have a huge impact on the motivation of all the students 
invoJved. While the students used the computers they were fully engaged in the task at 
hand, learning mathematics, and motivated. The students were interested in w hat activity 
they were going to complete and often did not want to stop working when the allotted 
time was over. 
Whenever the students manipulated the computers they were fuHy engaged in the 
assigned task and rarely exhibited any off-task behaviors. Off-task behaviors were only 
observed were when the students had trouble with the technology; either the computer 
itself or the website. The majority of the time, while the students were working they 
were having fun, laughing, and a bit noisy but were nonetheless fully engaged in the 
given task. This trend of motivation and engagement was common among many 
previous research studies (Butzin, 2000; Caldwell & Ginther, 1996; Judge, 2005; 
Maninger, 2006; Martindale et al., 2005). 
lmpact on Achievement 
Before the use of computers was implemented into the mathematics routine the 
class' overall achievement in mathematics was less than satisfactory. After the use of 
computers in the mathematics' lessons the class' achievement increased. Some areas 
showed a larger increase than others but all areas (equivalent fractions, multiplication 
fluency, coordinate pairs, and geometry) showed greater student achievement. An 
increase in student achievement was a common trend discussed in previous research 
(Butzin, 2000; Caldwell & Ginther, I 996; Judge, 2005; Maninger, 2006; Martindale et 
al., 2005). 
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Future Research Suggestions 
Future research in this area needs to be completed. Not onJy other sites but other 
subjects need to be researched, multiple times. lmportantJy, research shouJd be 
completed with different age groups of students and in different senings. A constant 1: 1 
student to computer ratio should also be studied, as well as possibly a consistent 2: 1 
student to computer ratio. 
There are not many components that the researchers would adjust if given the 
chance. One of the biggest problems faced was the technology that was used by the 
students. Often the computers were not functioning properly and this disrupted the lesson 
and distracted the students. Well maintained computers with reliable internet access 
should be a first concern for future researchers. 
The only other aspect that couJd be changed would be to use either another 
observer researcher, a voice recorder, or video camera. There were many excellent 
comments made by the students that could not be noted because there was one observer 
and so much to ·write down. Another person, a voice recorder, or video camera could 
help alleviate the loss of these interesting and inspiring remarks. 
Concluding Remarks 
Both teachers and students can benefit from the use of computers in the 
classroom. Computers are a great way to engage and motivate sn1dents that may not have 
the desire to learn otherwise. Student's engagement and motivation will result in higher 
achievement levels. 
The lesson study approach can benefit both teachers and students. It is a fantastic 
method to use to become a more effective and successful educator. It forces you to 
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examine what you do and how you do it but not in an agonizing way. Lesson study 
opens the door for more ideas. input. and thoughtful teaching. It allows educators to 
collaborate to create wonderful activities for students. Lesson study is a great tool that all 
teachers should use to faci litate becoming a better educator. 
It is the hope that others teachers will read this research and use computers to 
motivate their students to learn, therefore increasing the achievement of their students. lt 
is also the hope that other teachers will use lesson study as a method to become more 
successful and efficient. 
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Appendix A 
Lesson Study Observation Protocol 
Pre-Lesson 
Background Information: 
Teacher 
Observer 
Date of Observation 
Lesson title 
Subject/Grade 
Demographics: 
# of students # of male students # of female students 
--
Lesson Focus (circle one): 
Engage Explore Explain Extend Evaluate 
Lesson Emphasis (check all that applies): 
Engage 
o Providing "hook " for lesson introduction 
o Demonstrating a discrepant event 
o Uncovering misconceptions 
o Assessing prior knowledge 
o Demonstrating a principle or phenomenon 
Explore 
o Providing an opened-ended investigation 
o Designing student investigations 
o Recording data/collecting evidence 
o Following prescribed steps of a laboratory 
Explain 
o Introducing new concepts 
o Leaming new vocabulary/facts 
o Presenting background content information 
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Elaborate 
o Providing problem-solving activity 
o Completing an extended investigation 
o Following prescribed steps of a laboratory 
o Applying exploration to real-world situation 
Evaluate 
o Answering textbook short and/or open-ended questions 
o Reflecting on readings and problems 
o Writing reflections in a journal or notebook 
o Preparing a oral or written presentation of evidence 
o Completing homework sheets 
o Completing performance assessments 
o Making entries to a portfolio 
Classroom Instruction (Check all that applies): 
Indicate major materials resources used during the lesson 
o Print materials - commercial textbook 
o Print materials - teacher-made 
o Print materials - trade books, magazines, etc. 
o Hands-on materials - commercial kits 
o Hands-on materials - district-produced kits 
o Hands-on materials - general laboratory supplies 
o Hands-on materials - models 
o Technology resources - computers 
o Technology resources - calculators 
o Technology resources - maps, charts, etc. 
Structure of student work: 
o Whole group 
o Small group 
o Pairs 
o Individual 
Student Engagement: 
o Entire class is engaged in the same activity at the same time 
o Groups of students are engaged in ditforent activities at the same time 
Class Discussion: 
o Whole group lead by teacher 
o Whole group lead by student(s) 
o Small groups 
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Room Layout: 
Illustrate the classroom layout. Include doors, windows, teacher desk, student desks, lab 
tables, shelves, etc. During the lesson record the names and gender of students, the path 
the teacher takes~ location of supplies or materials (if appropriate), areas of congestion, 
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During the Lesson 
Comments: Record the time and observation throughout the lesson. Capture the salient 
interactions between the teacher and the students and among students as they work in 
groups. 
TIME OBSERVATION 
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TIME OBSERVATION 
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TIME OBSERVATION 
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Post-Lesson 
Rate each of the indicators from 1 to 5 for all categories. A rating of 5 indicates a "high" 
score and a rating of 1 indicates a "low" score. Your ratings and comments form the 
lesson will be used for the post-lesson reflection. 
Lesson Design: 
The strategies of the lesson contributed 
to the purpose of the lesson. 5 4 3 2 1 
The materials of the lesson contributed 
to the purpose of the lesson. 5 4 3 2 l 
The lesson design encouraged student 
engagement. 5 4 3 2 ] 
The lesson provided adequate instruction in 
completing the task. 5 4 3 2 
Adequate and appropriate materials 
were provided. 5 4 3 2 1 
The pace of the lesson was appropriate. 5 4 3 2 
Content: 
The content was appropriate for the lesson. 5 4 3 2 1 
The information presented during the lesson 
was accurate. 5 4 3 2 1 
The information presented during the lesson 
was relevant to the students. 5 4 3 2 1 
Engagement: 
Students were engaged and involved during 
the lesson. 5 4 3 2 
The lesson provided an opportunity for 
collaboration. 5 4 3 2 
The lesson challenged students' abilities. 5 4 3 2 1 
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Lesson Modifications and Areas for lmprovement: 
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Appendix B 
Geometry Lesson 
Geometry: Comparing and Contrasting Shapes and Sizes 
Objective: 
Students will be able to compare and contrast four shapes (square, triangle, circle 
and hexagon), colors and sizes using an interactive Venn diagram. 
NYS Standards: 
Students will recognize and use connections among Mathematical ideas 
5.CN.2 - Explore and explain the relationship between Mathematical 
ideas. 
Students will understand how Mathematical ideas interconnect and build on one 
another to produce a coherent whole. 
5.CN.4 - Understand multiple representations and how they are related. 
5.CN.5 - Model situations with objects and representations 
Students will create and use representations to organize, record, and communicate 
mathematical ideas. 
Mini-lesson: 
5.R.1 - Use physical objects, drawing, charts, graphs, etc. created using 
technology as representations. 
Using chart paper, review the aspects of a square, triangle, circle and hexagon. 
Using chart paper, review how to compare and contrast using a Venn diagram. 
Activity: 
Using a LCD projector, teacher demonstrates how to access the interactive 
website using a link from the classroom webpage. Teacher will then complete one 
example with the class. Teacher will then ask students to complete one example 
together in order to ensure students can adequately maneuver the website. Then 
students are asked to successfully complete two "Guess the Rule" activities. 
Assessment: 
Successfully complete two "Guess the Rule" double Venn-Diagram activities on 
the SHODOR Interactivate website 
(ht p., \\ W\\ . sho~or.or~ intera~ti' <..te al'..!\ i~ies 'ShapeSortcr·'.). Print out the two 
completed pages of your successful trials and turn into the teacher. Briefly 
explain how your rule worked with a sentence or two on your print out. 
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Appendix C 
Coordinate Pairs Lesson 
Maze Game: Plotting Points on Cartesian Coordinates 
Objectives: 
• Students will plot points on the graph to navigate around obstacles. 
• Students will write the coordinates of each point plotted. 
NYS Standards: 
Students will communicate their mathematical thinking coherently and clearly to 
peers, teachers, and others. 
5.CM.4 Share organized mathematical ideas through the manipulation of 
objects, numerical tables, drawings, pictures, charts, graphs, tables, 
diagrams, models, and symbols in written and verbal form. 
Students will create and use representations to organize, record, and communicate 
mathematicaJ ideas. 
5.R. l Use physical objects, drawings, charts, tables, graphs, symbols, 
equations, or objects created using technology as representations. 
Students will apply coordinate geometry to analyze problem solving situations. 
5. G .12 Identify and plot points in the first quadrant. 
Mini-lesson: 
Using chart paper, review Cartesian coordinates and plotting points on a grid. 
Activity: 
Teacher will complete one example of the "Maze Gatne" with the class. Then 
students will be asked to successfully complete at least two games recording the 
number of mines (which will increase with each game), start and finish points and 
all the points on their path using the provided sheet. 
Assessment: 
Successfully complete the provided sheet using the "Maze Game" activity on the 
SHODOR Interactivate website 
(http:/1\\W\\ .shodor.orn interncli\ ate acti\ iti~5·Y1azeGame/). Students will 
complete at least two games in the allotted time and increase the number of mines 
for each game that they complete in order to be successful . 
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Date: 
---- --
Maze Game 
Try to lead the robot to the green dot in as few steps as you can 
without going through a mine. Record your starting point, path, and 
finishing point in the graph below. 
#of 
# Start Maze Coordinates Finish 
mines 
x y x y 
1 
x y 
2 ta 
. I 
x y 
3 ta 
x y 
4 ta 
4 3 2 I 
Accurately completed Accurately completed Accurately completed Completed less than two 
four complete mazes three complete mazes two complete mazes mazes or no mazes with 
with at least one having with at least one having with at least one having more than 15 mines. 
more than 20 mines. more than 20 mines. more than 15 mines. 
Motivational Impact of Computers 63 
Maze Game 
Lead the robot to the green dot in as few steps as you can without 
going through a mine. Record your starting point, path, finishing point, 
and number of mines in the chart below. 
#of 
# Start Maze Coordinates Finish 
. 
mines 
EX. (-10,-10) (-5, -2) (-5, 5) (3, 5) (I 0, 10) 5 
1 
2 
3 
4 
4 3 2 l 
Accurately completed Accurately completed Accurately completed Completed one or less 
three or more complete two or more complete one or more complete mazes with 5 mines. 
mazes with at least one mazes with at least one mazes with at least one 
having 15 or more having I 0 or more having 5 or more mines. 
mines. mines. 
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Appendix D 
Multiplication Fluency Lesson 
Arithmetic Four 
Objectives: 
• Students will complete multiplication problems. 
• Students will compJete at least four "Arithmetic Four,, games with a partner. 
• Students will keep track of their score and number ofwjns on the provided 
chart. 
NYS Standards: 
Students will create and use representations to organize, record, and communicate 
mathematical ideas. 
5.R. l Use physical objects, drawings, charts, tables, graphs, symbols, 
equations, or objects created using technology as representations. 
Students will understand meanings of operations and procedures, and how they 
relate to one another. 
3.N.20 Use a variety of strategies to solve multiplication problems with 
factors up to J 2 x 12. 
4 .N .15 Select appropriate computational and operational methods to solve 
problems. 
4 .N .16 Understand various meanings of multiplication and division. 
4.N.18 Use a variety of strategies to multiply two-digit numbers by one-
digit numbers (with and without regrouping). 
4.N .19 Use a variety of strategies to multiply two-digit numbers by two-
digit numbers (with and without regrouping). 
NCTM Standards: 
Compute fluently and make reasonable estimates. 
Develop. analyze, and explain methods for solving problems involving 
proportions, such as scaling and finding equivalent ratios. 
Understand meanings of operations and how they relate to one another. 
Understand the meaning and effects of arithmetic operations with 
fractions, decimals, and integers. 
Understand numbers, ways of representing numbers, relationships among 
numbers, and number systems. 
Activity: 
Develop meaning for integers and represent and compare quantities with 
them. 
The teacher will complete one example of the "Arithmetic Four" game with the 
class (http://www.shodor.org/interactivate/activities/ArithmeticFour/). Then the 
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students will be asked to successfully complete at least four games, keeping score 
on the chart provided. 
Assessment: 
Successfully complete two "Arithmetic Four" games with I 00% accuracy in 
computation at the easy level and at least 85% accuracy in computation at the 
medium level. 
4 3 2 I 
Completed four games Completed three games Completed three games Completed less than 
or more with at least with at least 85% with at least 85% three games with at least 
85% accuracy on accuracy on medium accuracy on medium 85% accuracy on 
medium level and/or level and/or I 00% level and/or l 00% medium level and/or 
I 00% accuracy on easy accuracy on easy level accuracy on easy level l 00% accuracy on easy 
level or four games with less or 3-4 games with less level or 2-4 games with 
than 85% / 100% than 85% / I 00% less than 85% / I 00% 
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Date: 
- - --- -
Arithmetic Four 
The game works just like Connect Four: try to get four of 
your game pieces in a row. In order to earn a piece, you 
must complete a multiplication problem with in the set time 
limit. 
Complete at least three games at easy and one game at 
medium difficulty level. 
Gamel Player One Did you win? 
out of % Y orN 
Player Two Did you win? 
out of % Y orN 
--
Game2 Player One Did you win? 
out of % YorN 
--
Player Two Did you win? 
out of % YorN 
Game3 Player One Did you win? 
out of % Y orN 
Player Two D id you win? 
out of % YorN 
--
Game4 Player One Did you win? 
out of % Yor N 
--
Player Two Did you win? 
out of % Y orN 
Games Player One Did you win? 
out of % YorN 
--
Player Two Did you win? 
out of % Yor N 
--
4 3 2 I 
Completed four games Completed three games Completed three games Completed less than 
or more with at least with at least 85% with at least 85% three games with at least 
85% accuracy on accuracy on medium accuracy on meclium 85% accuracy on 
medium level and/or level and/or I 00% level and/or I 00% meclium level and/or 
I 00% accuracy on easy accuracy on easy level accuracy on easy level l 00% accuracy on easy 
level or four games with less or 3-4 games with less level or 2-4 games wHb 
than 85% I I 00% than 85% I I 00% Jess than 85% I I 00% 
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Arithmetic Four 
The game works just like Connect Four. The object is to get four of 
your game pieces in any row, column or diagonal. In order to earn a 
piece, you must complete a multiplication problem with in the set time 
limit. Before starting the game click "show score" to help you fill in 
the chart below. Do not forget to fill in your difficulty level. 
***Try to complete ONE game at the medium level. 
Difficulty Black Player Did you 
Level: win? 
Gamel out of % Yor N -- - -
Red Player Did you 
win? 
out of % Y orN 
-- - -
Difficulty Black Player Did you 
Level: 
win? 
Game2 out of 
% Y orN 
- -
--
Red Player Did you 
win? 
--
out of 
--
% Y or N 
Difficulty Black Player Did you 
Level: 
win? 
Game3 out of % Y or N -- - -
Red Player Did you 
win? 
out of % YorN 
-- --
Difficulty Black Player Did you 
Level: 
win? 
Game4 out of % Y orN -- - -
Red Player Did you 
win? 
out of % Y orN 
-- --
4 3 2 l 
Completed four games Completed three games Completed two games Completed one game 
or more with al least or more with at least with at least 85% with at least 85% 
85% accuracy on level 85% accuracy on level accuracy or more than accuracy or more than 
one and/or one on level one whether not one was two with less than 85% one with less than 85% 
two completed on level two accuracv at the level one accuracy at the level one 
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AppendixE 
Equivalent Fractions Lesson 
Equivalent Fraction Finder 
Objectives: 
• Students will find equivalent fractions. 
• Students will complete at least eight of ten equivalent fraction problems. 
• Students will keep track of their score and equivalent fractions. 
NYS Standards: 
Students will understand how mathematical ideas interconnect and build on one 
another to produce a coherent whole. 
5.CN.4 Understand multiple representations and how they are related. 
Students will create and use representations to organize, record, and communicate 
mathematical ideas. 
5.R.1 Use physical objects, drawings, charts, tables, graphs, symbols, 
equations, or objects created using technology as representations. 
5.R.3 Read, interpret, and extend external models. 
5.R.4 Use standard and nonstandard representations with accuracy and 
detail. 
Students will understand numbers, multiple ways of representing numbers, 
relationships among numbers, and number systems. 
5.N.4 Create equivalent fractions, given a fraction. 
NCTM Standards: 
N umber and Operation Standard 
Activity: 
Understand numbers, ways of representing numbers, relationships among 
numbers, and number systems. 
Compare and order fractions, decimals and percents efficiently and 
find their approximate locations on the number line. 
The teacher will complete one example of the "Equivalent Fraction Game" game 
with the class 
(hrtp://"\,,V\ii.shodor.orn:/interacti\·ate/acfr:ities/EguiYFractionfindcrL). The game 
asks students to divide a square into sections using rows and columns. Then, by 
clicking on each section, a portion of the square can be colored in to make an 
equivalent fraction to the one the computer generated. Students' answers can be 
checked for accuracy by the computer by clicking the check button. A score and 
percent accurate is automatically generated by the computer by asking the game 
to keep score. 
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Assessment: 
Successfully complete eight "Equivalent Fraction Game" games with 85% 
accuracy. The students will be asked to successfully complete at least eight 
games, keeping score on the chart provided. Students will be recording the 
fraction given, along with their computed equjvalent fraction, and their computer 
generated score. 
4 3 2 I 
Completed more than Completed eight games Completed seven games Completed less than 
eight games with at least with at least 85% with at least 85% seven games with 85% 
85% accuracy. accuracy. accuracy or eight games or less accuracy. 
with less than 85% 
accuracy. 
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Date: 
--------
Equivalent Fraction Finder 
.;' Use the +column box and the +row box to divide the shape into sections . 
.;' Then click on each section you want to color in so that your fraction is 
equivalent to (matches) the computer's fraction. 
"' Click "check" to see if you are correct . 
.;' Repeat this for the second shape. 
"' Don't forget to keep score, write down your fractions 
for each shape and record your totals. 
Game Red Shape Green Shape Blue Shape Score 
I. 
out of 
- - --
2. 
out of 
-- --
3. 
out of 
-- -- --
4. 
out of 
-- - -
5. 
out of 
-- - -
--
6. 
out of 
-- --
7. 
out of 
-- --
8. 
out of 
-- --
9. 
out of 
--
- -
JO. 
out of 
-- --
4 3 2 I 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
Completed more than Completed eight games Completed seven games Completed less than 
eight games with al least with al least 85% with at least 85% seven games with 85% 
85% accuracy. accuracy. accuracy or eight games or less accuracy. 
with less than 85% 
accuracy. 
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Appendix F 
Post-Test 
Post-Test 
1 - (1 M). Which of these is in order from least to greatest? 
A)1,1 , 3,5 
2 3 4 8 
C)1 . 1 . 5 , 3 
3 2 8 4 
8)5,3 ,1. 1 
8 4 2 3 
D) 3 I1 , 5I1 
4 2 8 3 
2 - (3M). What fraction of an hour is equivalent to 45 minutes? 
A)2 
3 
8)3 
4 
C)4 
5 
0)1 
2 
3 - (6M). If my mother gives me $10.00 and I spend two-fifths of it at 
the mall, what fractional amount of my money do I have left? 
G) $2.00 H)3 
5 
J.} $6.00 
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4 - (10M). In Anne's class, 6 out 24 students are wearing glasses. 
What fractions of students are not wearing glasses? 
F) 6 
24 
G)~ 
4 
5 - (IF). 23 x 16 = 
A)39 
C) 218 
H)1 
2 
J)1 
4 
B)368 
D) 1241 
6 -(3F). Which number could be written on the line to make the 
number sentence below correct? 
2xl0> x5 
A)3 B)4 C) 7 D)20 
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7 - (4F). Lee placed 4 shapes together on his desk.. He put them in this 
order, from top to bottom: 
• hexagon 
• trapezoid 
• rectangle 
• parallelogram 
Which diagram shows the order of Lee's shape? 
G 
H J 
8 - (lOF). Annie discovered a multiplication pattern. She wrote the 
number sentences below to show the pattern. 
What number should go in the box to complete the last number 
sentence? 
F)22 G)28 
40 x 101=4,040 
71 x 101=7,171 
59 x 101 = 5,959 
ox 101 = 2,828 
H) 82 J) 88 
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9 - (l 2F). Susan quick1y estimated the product of 84 x 18 this way: 
• She rounded each number to the nearest ten. 
• She multiplied these new numbers together. 
What was Susan's estimate? 
F) J ,500 G) 1,512 H) 1,600 J) 16,000 
10 - (14F). What is the rule? 
Input Output 
9 99 
10 110 
11 121 
12 132 
F) add 11 
G)add 90 
H) multiply by 11 
J) subtract 100 
11 - (18F). Place the fractions below in order on the line. 
1/4 112 1/3 9/10 
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12 - ( 13M). Mrs. Duffy sent out Mr. Duffy to pick up some ingredients 
for their dinner. She asked him to purchase 5/2 pounds of potatoes. 
He thought about this and suggested she reword this as a mixed 
number. What mixed number did she reply with? 
13 - (16M). Mrs. Lincoln does her laundry every 4 days. 
She washes the car every 6 days. 
Part A 
Mrs. Lincoln did her laundry and washed her car today. What is the 
least number of days that will pass before she will do her laundry and 
wash her car on the same day again? Show your work. 
Answer: 
------
Part 8 
Explain how you found the answer Part A and why you took the steps 
you did. 
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14 - ( 17M). Part A - Using the line below, create a hexagon. 
Part 8 - Below, design a shape that is 2 sides less than the one you 
made using the line above. 
What is the name of your second shape? ______ _ 
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15 - (19M). Here are the coordinates of 3 out of 4 points of a 
parallelogram. 
( - 50, 10 ) 
( -10, 10 ) 
( - 20, 40) 
A.) Locate and plot the coordinates below. 
, .............. :·········· .. ··: .. ···"'·······:··············:··· 50 ················:············ .. :······· .. ··· .. :········ .... ·:··············: 
~ 1 : l 1 f l ! ! : 
~ ... .... ····+ ············\············· j ............ ~··· 40 .. .............. ~.............. ~ ....... ....... j ............ + ......... ·< 
! j ~ i '. ! i ~ ! l 
i ... . ·+· ······ ···+···· -· ····· -·~···· ·······+·· 30 .. . ........... ~ ............ +······· ...... ~ ........ --· ·~········ ···"·~ 
; 1 j ~ ; ~ j 1 1 l 
:-·· .. ·· ..... ~············· ·~·············+ .. ···········~ ·· · 20 .. ·············+············+··········· .. 1 ············+·········•·"l 
i l l l i 1 l l ! i 
J···· ... ······!··--··········1··············1···· .. ········I ... 10 ·· .............. , .............. , .............. ~ ·············1··········· .. i 
~ ~ ~ ~ ~ ; ~ 
- 50 -40 -30 -20 - 10 0 10 20 30 40 50 
: . : : : : : : 
· ........ ... I ··· -·····l··············'···· ·· ···· ······~0············· ···! ............. ' .............. 1 ........... 1 ............. ' 
: ............. t.. ........... L ........... L. ..... ..... l.~50 ............... .L ........... L .......... ..i .............. L ........... t 
8 .) What is the coordinate of the missing vertex of the parallelogram? 
Answer: 
--------
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Appendix G 
Multiplication Fluency Quiz 
- - • ·1 ' 'l . . J 't l.. ""' ... . 
Multiplication Facts Tin\ed Practice ~ 
When you practice basic mult1plicatiori fac:s for speed and accuracy, you improve your abi:ity 
to solve problens in which multiplication compu1atioris are needed. 
You will rieed a pencil and a timer w.th a second hand. Set the timer .. and go. 
1 9 2 3 3. 7 4. 7 5. 8 
x 4 x 0 x 3 x 4 x g 
6 6 7 . 5 8 . 4 9. 0 ·o. 6 
x 8 x 7 x 3 x 5 x 5 
, 1. 8 12. 6 13. 7 14 3 15. 4 
x 1 x 6 x 2 x 2 x 2 
16. 6 17. 0 18. 3 ·e. 5 20. 6 
x 2 x ~ x $ x 1 x 9 
21 . 1 22. 4 23 3 2d. 7 25 5 
x 7 x 4 x 7 x 1 x 6 
26. 4 27 7 28. 6 29. 9 30. 1 
x 5 x 6 x 7 x 6 x 2 
31 . 5 32. ..., , 33 . 2 34. 6 35. 3 
x 5 x 8 x 7 x 0 )( 1 
36. 9 37. 1 38. 6 39. 8 40. 4 
x 9 x 9 x 3 x 3 x 9 
41 0 42. 1 43. 3 44. 4 45. 3 
x 7 x 8 x 9 x 0 x 3 
46. 5 47. 2 48. 5 49. 9 50. 2 
x 3 x 3 x 2 x 7 x 4 
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Multiplication Facts Timed Practice rcont.1 
51 1 52. 8 53. 8 5~ 8 55. 3 
( x , x 7 x 8 x 6 x 6 
56. 9 57 1 58 , .. 59. 2 60. 0 
x 0 x 6 x 1 x 2 x 9 
61 . 8 62 2 63. .! 64 3 65. 5 
x 0 x 6 x 7 x 4 x 8 
66 9 67 7 68. 7 69. 0 70. 9 
x 5 x 9 x 0 x 6 x 3 
7·_ , 72 9 73 2 74. 6 75. 4 
x 3 x 1 x 9 x 4 x 6 
76. 8 77. 3 78. 7 79. 5 80. 6 
x 4 x 8 x 7 x 9 x 5 
81. 5 82 6 83 2 84 9 85. , 
x 0 x 1 x c x 8 x 0 
86. 0 87 1 88 8 69. 5 90. 4 
x 3 x 4 x 2 x 4 x 8 
91. 0 92. 0 93 9 94. 95. 7 
x 0 x 1 x 2 x 1 x 5 
96. 0 97. 2 98. 1 99 c 100. 2 
x 2 x 8 x 5 x 8 x 5 
